Abstract: A study in modeling fire hazard assessment will be essential in establishing an effective forest fire management system especially in controlling and preventing peat fire. In this paper, we have used geographic information system (GIS), in combination with other geoinformation technologies such as remote sensing and computer modeling, for all aspects of wild land fire management. Identifying areas that have a high probability of burning is an important component of fire management planning. The development of spatially explicit GIS models has greatly facilitated this process by allowing managers to map and analyze variables contributing to fire occurrence across large, unique geographic units. Using the model and its associated software engine, the fire hazard map was produced. Extensive avenue programming scripts were written to provide additional capabilities in the development of these interfaces to meet the full complement of operational software considering various users requirements. The system developed not only possesses user friendly step by step operations to deliver the fire vulnerability mapping but also allows authorized users to edit, add or modify parameters whenever necessary. Results from the model can support fire hazard mapping in the forest and enhance alert system function by simulating and visualizing forest fire and helps for contingency planning.
Introduction
Fire has been identified as one of the major threats, causing the loss of forests in several parts in Indonesia and * E-mail: Biswajeet.Pradhan@mailbox.tu-dresden.de † E-mail: biswajeet@mailcity.com neoughboring Malaysia. In the event of a prolonged spell without rain, and a lowering of the water table in the peat swamp forest, the organic layers become completely dry and are very prone to fire. Fires in these peat swamp forests create much more smoke per hectare than other types of forest fires and are difficult to extinguish. Therefore, the importance of the understanding of the areas at risk to fire is greater for peat swamp forests. A precise evaluation of forest fire problems and decisions on solutions can only be satisfactory when fire hazard mapping tools are available.
Forest fire management constitutes an important part of overall national forest policy in any country. A study in modeling fire hazard assessment is quite essential in establishing an effective forest fire management system especially in controlling and preventing peat fire. Additionally, identifying areas that have a high probability of burning is an important component of fire management planning. Recently, geographic information system (GIS), in combination with other forms of technology such as remote sensing and computer modeling, are being used increasingly in all aspects of wild land fire management. As GIS technology becomes more common for natural resources management, many research projects have developed the wildfire hazard models for a specific region based on physiographic or environmental factors that influence wildfire [1] [2] [3] [4] [5] [6] [7] [8] . The development of spatially explicit GIS models has greatly facilitated this process by allowing managers to map and analyze variables contributing to fire occurrence across large, unique geographic units [9, 10] . This paper discusses the development of a fire hazard system containing a set of tools for fire hazard zone. The system is able to forecast and classify the fire hazard in a given environemntal set-up. A region known as Pekan district in eastern Pahang, Malaysia was chosen as a pilot study as it annually faces forest fire problems.
Study area
The study area is located approximately between upper left (latitude 3°47' 26"N and 103°12'11"E) and lower right (longitude 3°19'54"N and 103°25'46"E). The area is located within the Pahang state in Peninsular Malaysia. The land use at the study area is mainly peat swamp forest, plantation forest, inland forest, scrub, grassland and ex-mining area. The landform of the area ranges from very flat terrain, especially for the peat swamp forest, ex mining, grassland and scrub area, to quite hilly area for the natural forest ranging between 0-420 m.a.s.l. Based on Malaysian Meteorological Services Department, the temperature of study area is between 29°C to 32°C with mean relative humidities of 65% to 70%. The highest temperature is between April and June while the relative humidity is lowest in June, July and September. Rainfall of about 58.6 mm to 240 mm per month was recorded in the study area.
There is a high potential for fire in the dry season especially in the peat swamp forest and plantation forest. 
Materials and methodology
Arcview software with spatial and 3D analysis extension was used as a platform in this study. This software was chosen because it has certain advantages for fire hazard mapping and also can easily import and read directly spatial data from Autocad (vector data) and Erdas Imagine (raster data). The forecasting system was developed by writing extensive scripts in Avenue programming language through Arcview script editor.
The system is developed through a GIS-grid based application tool that integrates the spatial database layers such as fuel type, road and topography (elevation, slope and aspect). The AHP tools are used to determine the weights and rankings of each fire influencing factor for the final output of the fire hazard zone map [11] . Figure 2 shows the methodology flow chart of the Pekan fire hazard mapping system scenario developed to generate and create the fire hazard map. The map is regarded as a predictive layer for potential occurrences of fire hazards particularly in Pekan during the dry spell.
A set of tools are incorporated to enable users to specify more parameters as well as to edit the weights and rankings of existing parameters. These tools are useful for the inclusion of new parameters and approaches before executing a more updated fire hazard scenario. These criteria and sub-criteria settings are regarded as modified inputs to the fire hazard vulnerability model extracted from the AHP tool. The interface is designed to be intuitive and user friendly. This will allow users to quickly access, update and derive new information. 
Development of fire hazard tools

Input and output data layers
The input data are classified and converted to raster format into several layers such as fuel type, road, elevation, slope and aspect. These layers are associated with weighting criteria and sub-criteria rankings extracted through the AHP process. The outputs of this system consist of maps, tables, charts and 3D visualizations. The maps consists of grid based layers of the primary fire influencing factors for fire hazard mapping. These are converted to vector formats in the GIS, which can be viewed in 3D using the DEM. The outcomes of the extensive scripts written in Avenue programming language simplified the computational aspect of the spatial analysis procedures. The following briefly explain the system component.
Operational Work Flow
The work flow of the system is presented in Figure 3 . The user is required to run the procedure step-by-step accordingly. Buttons are numbered in increasing order to assist the user to generate the fire hazard map.
Fire hazard system interface
The main interface is provided with a specialized pull down menu bar. This is to facilitate the user to view, add factors, analyze factors, reclassify factors, overlay factors and to display the 3D visualization. The existing Arcview functionalities were exploited and added to execute the common GIS tools such as 'add theme', 'open theme table', 'zoom to full extent', 'zoom to active theme', 'zoom to select', 'zoom in', 'zoom out', 'zoom to previous extent' and 'help button'. A few existing tools such as 'pointer', 'identify', 'zoom in', 'zoom out', 'pan' and 'measuring tools' were also incorporated into the system. 
System functionality
The systems consist of two types of functionalities, namely, general functions tools and specific interface functions. The general function tools encompass the basic functionalities such as 'object identification', 'zoom in', 'zoom out' and 'pan'. The specific interface function consists of specific spatial operations pertaining to the production of fire hazard mapping. The Add Factor menu ( Figure 4 ) is developed to enable the user to add fire influencing factors such as vegetation, contour, roads, rivers, and canal. The factor analysis menu ( Figure 5 ) has six sub-menus for the computation of distance to road, creation of traingulated irregular network (TIN), derivation of aspect, slope, elevation and creation of a land-use grid. This menu is provided to enable the user to conduct user friendly spatial analysis. For example, the distance to road sub-menu enables the user to quickly determine the distance from the road network when finding the proximity of the road from the fire location. The user can select the appropriate distance based on expert opinions. The "Create TIN" function can be used to create the TIN from the contour digital data or DEM. The derive aspect sub-menu enables the user to derive aspect from the TIN layer, while the derive slope and derive elevation menus enables the user to generate slope and elevation from TIN respectively. The land use grid sub-menu enables the user to convert land use format from the vector to grid format. The reclassifying factors menu ( Figure 6 ) was developed to enable the user to reclassify the primary fire influencing factor layers into secondary vulnerability classes. The user decides on the number of vulnerability classes based on expert opinions. This menu consist of five sub-menusdistance to roads, slope, aspect, elevation and land use. The overlaying factors menu was developed to enable the user to overlay all the relevant input layers for spatial analysis using the selected fire hazard model to output the fire hazard zonation map. At this juncture, the system requires user inputs to assign the weighting to each layer and to allocate the scores to the sub-criteria classes. All the weights and scores are initially computed in the AHP environment. The data are modeled accordingly and transferred to the system. This process is necessary to use the initial weighting to arrive at a tentative fire hazard vulnerability map with arbitrary settings of index values. The overlaying factor menu consists of a sub-menu to enable the user to reclassify the tentative vulnerability classes to final vulnerability classes. The later class scores (index value limits) were determined after consultation with the local forest experts to meet the requirements of the Pahang State Forestry Department. The 3D visualization menu was developed to enable the user to view a 3D perspective display of any layer which can be superimposed by other ancillary layers. For instance, the final fire hazard vulnerability zone map of the study can be displayed by superimposing with the road, river and actual fire spot layers. Near real-time visualization in 3D perspective will enable timely decision making in fire response action.
Forecasting process
The forecasting and analysis process is designed to assist users to systematically execute the spatial operation in a proper manner. This is done by following the sequence according to the numbered button. Altogether, seventeen buttons were created to generate the fire hazard vulnerability map. During data processing and analysis all data files are saved by default in the system in respective working directories. The functions of the developed procedures are listed as follows:
1. Land use -to call and activate the land use map ( Figure 7 ). 2. Land use grid -to convert a vector format of the land use into grid format (Figure 8 ).
3. Reclassify land use button -to automatically reclassify the land use. The output of this button is shown in Figure 9 .
4. Road button -to call and activate the road network.
5. Roads distance button -to create road proximity distance map in grid format as shown in Figure 10 .
6. Reclass road button -to reclassify the road proximity zone into new classes according to the values of the user's specification. 7. Contour button -to call and activate the contour map.
8. Create TIN -to generate TIN map from the contour map.
9. Derive Slope -to generate slope map.
10. Reclass slope button -to reclassify slope map based on new specifications.
11. Derive aspect button -to derive aspect map from the TIN map.
12. Reclass aspect button -to reclassify aspect map based on new specifications ( Figure 11 ). 13. Derive elevation -to create grid elevation map from the TIN.
14. Reclass elevation button -to reclassify the elevation based on new specifications.
15. Overlaying factor -to overlay all reclassified input factor maps ( Figure 12 ) and attach weighting and scores to each layer using the map calculation dialog box. The output map, which is the fire hazard map, is shown in Figure 13 .
16. Reclass Final Map -to reclassify the fire hazard map conforming to latest specifications. The output map of this button is shown in Figure 13 . This map is the final output of the spatial processing using this system.
17. The 3D visualization button -to view the fire hazard vulnerability map in 3D perspective. An output of 3D visualization button is shown in Figure 14 . 
Conclusion
In this study, various geoinformation tools have been utilized and customised to generate various parameters that are essential for forest fire management. The successfully derived parameters are slope, road, elevation and aspect. These parameters can be integrated in the developed system to produce the fire hazard map. Besides that, this system has also successfully demonstrated fire hazard assessment in a step by step analysis. The final hazard map is believed to be able to provide greater spatial sensitivity. The processing of input data, and the computation of intermediate products were processed in ArcView software and the generated output can be readily understood. The large amount of data can be processed in the GIS environment quickly and easily. Moreover, it is hard to process the large amount of data in a statistical package. The system developed in this paper can help the concerned authorities for forest fire management and mitigation. However, one must be careful while using these models for specific hazard mitigation. This is because of the scale of the analysis needed when other forest fire related factors need to be considered. Therefore, the models used in the study are valid for awareness so that necessary prevention measures can be taken during the time of forest fire. In this paper, forest fire hazard mapping tools was developed to determine the level of severity of fire hazard zones in terms of mapping susceptibility to fire by assessing the relative importance between fire factors and the location of fire ignition. GIS-Grid-Based peat swamp forest fire hazard system can be a useful tool to determine the vulnerability value of each wildlife hazard class and to generate maps that illustrate the distribution of fire hazards. This system can be used easily by a user with a little knowledge of GIS software. This system provided valuable information about the most likely areas to be affected by the fire. It will be a useful tool for forest fire prevention and management when tackling and minimizing wildfire hazard.
